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Xμ(τ, σ) = a0
[
τeμ0 +
v1
ω
(
cosωσ − ω
Q1
sinωσ
)
(eμ1 cosωτ + e
μ
2 sinωτ)
]
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γ
m1
√
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γ
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√
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v1 =
Q1√
ω2 + Q21
, v2 =
Q2√
ω2 + Q22
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Pμ =
∫
C
pμ(τ, σ) dσ +
2∑
i=1
pμi (τ), p
μ(τ, σ) = γ
(X˙,X ′)X ′μ −X ′2X˙μ√
(X˙,X ′)2 − X˙2X ′2
!="
Lμν =
∫
C
[
Xμ(τ, σ) pν(τ, σ)−Xν(τ, σ) pμ(τ, σ)
]
dσ +
2∑
i=1
(xμi p
ν
i − xνi pμi ), !C"
 xμi (τ) = X
μ
(
τ, σi
)
 pμi (τ) = mix˙
μ
i (τ)
/√
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Pμ = Eeμ0 , E = πγa0 +
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i=1
mi√
1− v2i
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Lμν = L
μν3 , L =
γa20
2ω
(
π +
v21
Q1
+
v22
Q2
)
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E =
m1π(n− ε)
√
1− ε21
ε21
+
m1
ε1
+
m2
ε2
, !<D"
L =
m1
√
1− ε21
2γε21
(
m1
√
1− ε21
ε21
(n− ε)π + m1(1 − ε
2
1)
ε1
+
m2(1 − ε22)
ε2
)
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Qi
ω
=
vi√
1− v2i
=
√
1− ε2i
εi
. !<B"
+&(6. 1. !B"  !<B"# 0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 ε 
tg πω =
(Q1/ω + Q2/ω)
1−Q1Q2/ω2 =
ε2
√
1− ε21 + ε1
√
1− ε22
ε1ε1 −
√
1− ε21
√
1− ε22
.
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πω = πn− πε = πn− arctg ε2
√
1− ε21 + ε1
√
1− ε22√
1− ε21
√
1− ε22 − ε1ε1
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πε = arctg
sin θ2 cos θ1 + sin θ1 cos θ2
cos θ1 cos θ2 − sin θ1 sin θ2 = θ1 + θ2.
& ? 62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πε = arcsin ε1 + arcsin ε2. !<F"
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m1
√
1− ε21
ε21
= m2
√
1− ε22
ε22
,
+6&.H- 6( ε2 /6 ε1A
ε2 = ε1
√
2
[√
4(m1/m2)2(1− ε21) + ε41 + ε21
]−1/2
. !<="
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 nA
E = m1
(
πn
ε21
− πn
2
+
1 + μ32
3
ε1 − πn8 ε
2
1 +
8 + 5μ32 + 3μ52
60
ε31 −
πn
16
ε41 + . . .
)
, !<C"
L =
m21
γ
(
πn
2ε41
− πn
2ε21
− 1 + μ
3
2
3
+
14 + 5μ32 + 9μ
5
2
60
ε1+
52 + 35μ32 + 42μ
5
2 − 25μ72
1120
ε31 + . . .
)
, !<J"
6(
μ2 =
√
m2
m1
.
&H/ 6 . !<J"  /2 !<C" +2
ε1 =
√
πnm1
E
(
1− πnm1
4
1
E
+
1 + μ32
6
√
πnm31
1
E3/2
+ . . .
)
,
+&/2 2+/ 6&1 & 22 L !<@" + +.2 EA
L = α′E2 + α1E1/2 +
α2
E1/2
+
α3
E
+
α4
E3/2
+
α5
E2
+ . . . , E →∞, !D>"

α′ =
1
2γπn
, α1 = −23 ·
m
3/2
1 + m
3/2
2
γ
√
πn
, α2 =
√
πn
m
5/2
1 + m
5/2
2
10γ
,
α3 =
(
m
3/2
2 + m
3/2
1
)2
18γ
, α4 = −(πn)3/2m
7/2
1 + m
7/2
2
112γ
,
α5 = πn
m41 + m
5/2
1 m
3/2
2 + m
3/2
1 m
5/2
2 + m
4
2
60γ
.
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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
α′ ∼ 1/n  6/. n 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  < I77$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 α1# α2, . . .  6&8
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 m2# / +6&. $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E = Ecl + ΔESL, ΔESL =
ω
a0
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1−
√
1− v2i
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s1 + s2 − (s1 + μ2s2) ε1 + s1 + s22 ε
2
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J = α′E2 + α1E1/2 +
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α˜2 = α2 +
√
πn
(
s1
√
m1 + s1
√
m2
)
, α˜4 = α4 − 14 (πn)3/2
(
s1m
3/2
1 + s2m
3/2
2
)
,
α˜5 = α5 + 16πn
[(
s1
√
m1 + s1
√
m2
)(
m
3/2
1 + m
3/2
2
)− 3γ(s1 + s2)2].
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